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Abstract 
Waste-to-energy (WTE) plants are utilized for the production of heat and electricity from municipal solid waste 
(MSW) and refused derived fuel (RDF). However, a desire to raise the steam temperature in order to improve the 
electrical efficiency of WTE plants has introduced potential high temperature corrosion problems to the heat transfer 
surface, due to high chlorine content (0.5wt.%~1.0wt.%) in MSW. To study the corrosion mechanism and deposits 
chemistry, full scale investigations were therefore conducted in a WTE plant in Tianjin, China. Deposit and corrosion 
probes were inserted and exposed to the flue gas at five different locations. After nine months exposure, two different 
alloy probes were taken out and analyzed. Meanwhile, the chlorine flow in the waste incinerator was also investigated 
via stack sampling and analysis of the residue’s comp osition. The results showed: the most significant outlet for 
chlorine flow is via fly ash, accounting for 40.3% of total chlorine. Other main distributions are approximate 6.7% in 
bottom ash, 31.4% in semi-dry scrubber and bag filter ash, 2.75% discharged from stacks and rest in the leachate. The 
chlorine content was 0.92% via back-calculation method, which kept consistence with the elemental analysis. The 
deposits on the probes showed similar but distinct characteristics: all deposits were rich in sulfur and calcium content, 
potassium decreasing with flue gas flow suddenly showed highest value at Evaporator. With the deposits growth, the 
deposits can be classified into outer, inner and interface. The sodium and sulfur contents were rich in interface; 
silicon and magnesium were rich in inner; and calcium and chlorine were very high in the outer. 
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1. Introduction  
Along with continued urbanization and economic development, municipal solid waste (MSW) 
quantities in China have rapidly  increased in the past 30 years from 31.3 million tons in 1980 [1] to 
170.8million tons in 2012 [2]. Concerning its large volume and heating value, waste to energy (WTE) 
plants with the advantages of volume reduction and heat & power generation, play a more and more 
important role in  MSW management. By the end of 2012, 138 MSW incinerators run with a total d isposal 
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capacity of 122 649 ton per day in China, accounting for 27.5 % of total MSW treatment [2]. Currently, 
around 130 million ton of MSW are worldwide incinerated in over 600 WTE plants [3]. However, a desire 
to raise the steam temperature in order to improve the electrical efficiency of WTE p lants has introduced 
potential high temperature corrosion problems to the heat transfer surface. It is well known that the high 
chlorine content induce severe deposit and high corrosion rate on superheater tube. However, fuel 
chemistry may affect  the corrosion mechanism through altering deposit chemistry, but little informat ion 
can be found in the literature. Thus, study relating chlorine flow to deposit chemistry, and possibly to 
corrosion rate is necessary to understand corrosion mechanism.  
The objectives of this  work were: to identify  the chemical composition of deposit at different locations 
and deposit chemistry; and to bridge it with chlorine content in the fuel management. The results provide 
useful information of better understanding of chlorine characteristics in large-scale WTE plants. 
2. Experimental  
2.1. Materials 
The composition of waste collected from Tian jin, China is shown in Table 1. Due to the large food 
residue and plastic proportion, the chlorine content of combustible MSW in Tianjin is severe high to 
1.13 % (Table 2), which  may easily result into chlorine induced high temperature corrosion. Furthermore, 
the large proportion of food residues also leads to the high moisture content (~46.7 %) in waste. 
Table 1 Waste composition in terms of months in Hexi District, Tianjin, China, 2009 (wt.%). 
Composition Organic Inorganic Recyclable Others 
Food Shell Ash Bricks Metals Glasses Paper Plastics Textiles Grass 
wt.% 48.4 0.5 0.8 0.5 0.5 4.1 20.2 20.4 1.6 1.9 1.3 
Table 2 Proximate analysis and ultimate analysis of combustible waste in Tianjin. 
 Proximate analysis (%) Ultimate analysis (%) 
Moisture Volatile Ash Low heating value (kJ/kg) C H O N S Cl 
MSW 46.7 41.4 11.9 6480 43.26 7.87 45.21 2.45 0.08 1.13 
 
2.2. Plant introduction  
Experiments were conducted at a 24 MW 
WTE p lant (Teda Environmental Protection Co. 
Ltd) in  Tianjin, China. It  consists of three SN 
grate boilers with a total design capacity of 1200 
tons household waste per day, and two 12 MW 
steam turbine generators, commissioned in 
2004~2005. During the experiments, the boiler 
was running stably and did not experience 
malfunctions. The deposition probes made of 
alloy 20G* were set in the convective pass of 
flue gas, which pass through the furnace 
chamber, the secondary burning chamber in the                Fig.1. Schematic diagram of flue gas passes. 
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second pass of boiler, the pre-protector, the tertiary superheater (3rd SH), secondary superheater (2nd SH), 
and primary superheater (1st SH). After primary superheater, the gas passed through the evaporator, three 
economizers (3rd EC, 2nd EC, 1st EC). Finally, the fly ash particles were removed in a semi-dry scrubber. 
Several thermocouples were set near the probes to monitor the flue gas  temperature (Fig. 1). With the 
consideration of safe operation from WTE plant administration, no cooling system was adopted. 
2.3. Deposit analysis  
The alloys characteristics as well as elemental compositions were determined by analyses of the 
polished cross sections using a SEM / EDS (PHILIPS XL-30 TMP ESEM, 20kV, Holland).  Meanwhile, 
the deposits on probes in terms  of its growing d irection were separated and collected to  observe the 
chemical composition variations.  
3. Results and discussion 
3.1. Probe deposition at different locations 
The mineralogical composition of deposits changes with in the different parts of the boiler, shown in 
Fig 2. In the 3rd SH and 1st SH area at flue gas temperature of about 620 - 400ć, the very hard and 
voluminous deposits consist of the main phase sulfates and chlorides, rich in calcium and potassium (e.g. 
CaSO4, K2SO4, KCl, CaCl2 etc.). Fewer silicates, alumin ium and magnesium can be determined. In the 
evaporator area, at temperature decreased to about 340ć, the mineralogical composition has changed and 
primarily potassium rich sulphates become dominant. In the 1st economizer zone at t emperature of about 
200ć , potassium sulphates and chlorides built up the 
deposits. The percentages of sulfur were fairly constant in 
each position, with a value of 17-21wt.%. The percentage of 
alumin ium and silicon was nearly  the same at all tube 
positions, with a low value of 2wt.% and 2-5wt.%, 
respectively. The deposits were depleted in alumin ium and 
silicon compared to those in fly ash. Potassium content 
decreased with flue gas flow, but suddenly increased and 
reached peak value at Evaporator. Same trend was also 
observed for sodium. Except the peak value on 1st SH, 
calcium and silicon had constant contents in other positions.  Fig. 2. EDS analysis of depositions in WTE. 
3.2.2. Deposits difference in terms of growth                    
The deposits were collected 
according to its growth direction, 
included outer surface, inner layer and 
the interface between deposits and 
metals for analysis. The distributions 
of metal elements, such as sodium, 
potassium, magnesium, calcium and 
iron, showed different trends in the 
deposits (Fig.3). The composition of 
outer deposit was similar to that of fly 
ash: high calcium, chlorine, and 
alumin ium contents. With the growth 
age of deposits, the inner deposit 
     C O Na Mg Al Si S Cl K Ca 0
5
10
15
20
25
30
35
40
45
 3SH-outer
 3SH-inner
 3SH-interface
El
em
en
ta
l c
om
po
sit
io
n 
(w
t.%
)
   
Fig.3. EDS analysis of deposits on 3rd SH in terms of growth 
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consisted of magnesium and silicon contents. However, the interface deposit showed a distinct 
composition: few of chlorine, high amount of sulfur and sodium, minor of calcium and aluminium.  
The deposit formation process may be predicted as follows: solid part icles derived from the 
combustion chamber h it the surface of the tube and condense on it rapid ly due to mineralogical reactions. 
It contains sulphates and higher contents of chlorides, which both act due to their low melt ing points as 
glue for the secondary deposit. This main ly consists of the calcium phase anhyd rite (CaSO4) as a matrix. 
With the flue gas, more and more particles condense on the surface of tube, and build up the deposit. 
Within the deposit, mineralogical react ions between the sulphates, chlorides, and the flue gas are taking 
place.  
3.3 Comparison of deposit on different probes 
With magnification of 10 000t imes, the deposit on 3rd  SH appeared like a uniform s mooth layer, but 
the use of larger magnification revealed that the layer was neither dense nor uniform (Fig 4). The layer 
consisted primarily  of two distinguishable parts: honeycomb and smooth bridge to connect the 
honeycomb. The chemical composition showed that honeycomb was main ly the metal and the smooth 
bridge consisted of some deposits. In the area around 
point analysis Circle 2#, the chlorine content is 
approximately 6.43% whereas the potassium content 
is low. Moreover, the structure of interface deposit 
on 1st SH was also shown, which had a sponge 
matrix. The area analysis revealed that the deposit 
consisted mainly of K, Cl, Na, O, together with the 
major ash-forming elements S, Al, Fe and Si.        Fig. 4. SEM of interface deposits on 3rd SH and 1st SH 
Conclusions  
According to the full-scale deposit measurement at the WTE plant, fo llowing conclusions can be 
made: Obvious deposits appeared to all probes at different locations. Meanwhile, the deposits formed on 
the probes showed similar but also distinct characteristics: all deposits were rich in sulfur and calcium 
content, potassium and chlorine decreasing with flue gas flow suddenly showed highest value at 
Evaporator. With the deposits growth, the deposits can be classified into outer, inner and interface. The 
sodium and sulfur contents were rich in interface; silicon and magnesium were rich in inner; and calcium 
and chlorine were very high in the outer. 
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